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Study on Vibration in Site Selection for a Precision 
Instrument Factory 
Pan Fulan 
Research Engineer of China North Industries Corp., Beijing, China 
SYNOPSIS Antivibration is an important consideration in site selection for setting up a. prec:t.-
sion instrument factory. Any negligence to this could bring to the future production a great deal 
of trouble, as that the measurement will be inaccurate, the precision of products will not be up 
to the reguirements, the instruments and meters will be damaged. 
In this paper, case histories in selection of site of the factory are described briefl.y. Then 
based on the site tests and wave theory, the formula for calculating the attenuation of a.mpl.:i tude :t 
the principles for selecting the site of a factory and the necessary distances for a.nt:i vi.brat:ion 
are suggested. 
INTRODUCTION Some case histories are given below: 
The problems of vibration have to be handle~ 
with great care in selecting site for build-
ing a precision instrument factory, otherwise 
the productions will suffer inestimable losses, 
as that the accuracy will not meet the require-
ments, the meters will not be adjusted due to 
trembling and the service life of devices will 
be shortened. During site selection,genera.l 
layout of the factory and plan arrangement of 
a. sho~, necessary distance of antivibration 
shall be maintained in order to keep normal 
production of the factory. Where ground space 
is limited, isolation measure must be taken. 
CASE HISTORY 
Vibration generally falls into tw~ types. One, 
known as ground pulsation, is generated from 
natural sources and the other, from man-made 
sources. The former, which is permanent, is 
caused by sea. wave, tide, intercrusta.l change 
and superposing propagation of various kinds 
of vibrations. It normally has an amplitude 
ranging from a few tenths to a few hundredths 
of .AL, except in certain areas, and a freq uen-
cy mostly of 2-' Hz. The latter is caused by 
productive and living activities such a.s 
operation ofproduction facilities and moving 
of vehicles, etc. Its amplitude varies over a. 
wide range and ra~idly decreases as the dis-
tance to the source of vibration increases. 
Its frequency also varies greatly with dif-
ferent causes of vibrations. In site selec-
tion and arrangements of general layout and 
plan of workshop for a factory attention shall 
be paid to the man-made source of vibration. 
863 
CASE 1. Laid on clayed loam stratum, a. forge-
shop has a hammer weighing 3 tons and being 
150 m from a thread-grinder with all.owa.ble 
speed of 0.1 mm/sec~ The working preci.s:Lon of' 
the machine was seriously effected when the 
hammer was in operation. According to the s:Lte 
measurement, the amplitude and natural. frequen-
cy of the hammer foundation was about 1000 ..K 
and 12-15 Hz respectively, and the a.mpl. :1. tude a. t 
the thread-grinder was about 28 ..u... Severa~ pro-
posals were made and among them method of :iso-
lation with spri:qg bumper on the hammer founda-
tion was chosen ~Fig. 1 ). As resul. ts the ampl:t-
tude and f:req_uency reduced by about 60* and 55* 
respectively. The adverse effect of v:Lbra.t:ton 
from hammer on the grinder is thus m:t.n:Lm:Lzed 
and working accuracy of the grinder :ts ensured. 
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Fig. 1 Isolated Foundation of 
Forge Hammer 
~ 
CASE 2. In a central measuring room an in-
terferometer with allowable speed of 
0.03 mm/sec. is installed. During adjusting it 
was found to be disturbed by a force with low 
frequency. This room is far away from the rail-
way and no large source of vibration exists in 
this district. However a large air compressor 
is discovered in a nearby factory, the working 
speed of which iS rightly coincided with the 
frequency of that disturbing force to the in-
terferometer. As a solution to such distur-
bance, a worktable is provided under this 
interferomter. By such isolation normal per-
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Fig. 2 Isolation Worktable 
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CASE 3. There was a balance room with some 
TG-128 high precision balances (allowable 
amplitude is 0.3 ~) and micro-balances 
(allowable amplitude is 1 .o .JJ..) in a factory 
which is about 50 m from state arterial high-
way. The balances trembled when motor-cars 
were running on that road, and experiments 
could no longer be carried out. The faster 
the speed of motor-oar, the greater the range 
value of amplitude, velocity and acoelaration 
caused by motro-oar. If the passive antivi-
bration measure was taken on each precision 
instrument in this balance room, that would 
not be economical. Therefore, out of this 
room an isolation trench, 3 m deep, was dug 
(Fig. 3 and 4). The problem of disturbance 
was thus solved. 
D -Foundation of Vibration (1.6x2.4, h=0.9 m) 
k"?""": 1-- Isolation Trench 
(0.75x3.2, h=2.4 m) 
0 -Water Well (110.8 m, h=20 m) 
0,0/ 












--*' 0 0 
I» 80 () 
d 70 Cll 







Q.t o.e '13 M o..s q6 q7 o,8 o..s 1.0 1.1 t.t /,-3 
Fig. 4 Relationship Between 




Fig. 3 and 4 show that the efficiency of 
isolation depends on the ratio of trench 
depth (H) to wave length (L). The location 
layout of trench has a certain effect on the 
efficiency of isolation; the nearer from a 
source, the higher the isolation efficiency 
of trench is. 
CASE 4. A general assembly shop of a preci-
sion instrument factory was 300 m from state 
arterial railway. This shop located at a 
rather thick stratum of loessal clay loam and 
the allowable velocity of the ground was 0.1 
mm/sec. The Vibration caused by the train 
leads to so serious quality problem to the 
products that the shop had to be moved at 
last. 
It is worth while to mention that vibration 
problems encountered in the above cases could 
be avoided in phases of site selection and 
preliminary design for the precision instru-
ment factory so long as full consideration 
had been given. Once the factory is put into 
production, these problems became more dif-
ficult to solve or can be solved only with 
unsatisfactory results. 
PRINCIPLES OF LAYOUT 
In selecting site for a factory and laying 
out general plan or shop plan the influence 
of man-made source shall be the main consi-
deration concerning antivibration. In speci-
fic design following principles may be taken 
as reference: 
----In order to minimize disturbance of Vib-
ration the factory shall be chosen at a loca-
tion as far as possible away from either 
factories having larger source of vibration 
or main lines of transportation. 
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----In designing overall considerations shall 
be given and corresponding measures be taken 
based on investigations on the features of 
possible vibration source and antivibration 
re~uirements of vibration-susceptible device 
within the factory. 
----In laying out general plan those work-
shops having large vibration sources such as 
forge-shop, air compressor station, etc, 
must be arranged reasonablly away from the 
places where precision work operation and 
examination sections are located, 
----In the same room Vibration source section 
and precision work or examination section 
must be arranged reasonable, in cooperation 
with process requirements, either by keeping 
distance away from each other or by joints to 
minimize disturbance of vibration. 
----If production requirements can not be 
met by reasonable arrangement of general 
layout and process, corresponding measure of 
isolation shall be adopted, 
DISTANCES OF ANTIVIBRATION 
To prevent the above mentioned vibration 
problems, following table of antivibration 
distance compiled on experimental data from 
repeated tests is provided for reference in 
site selection. 
Table I. Reference Values of 
Antivibration Distance (10 m) 
Sources 
Allowable velocity of vib-
ration for precision instru-
ment (mm/sec.) 
0.05 0.1 0.5 1. 0 
State 70-100 40-70 15-20 10-15 
Train railway 
Factory ra~lway 10-15 8-10 3-5 3-4 
State 8-10 5-8 3-5 2-3 
Motor-car highway 
Factory 2-5 2-4 1-2 1-2 :road 
1t 6-10 5-8 3-5 3-5 
Forging 1-2t 10-15 8-12 5-7 4-6 
hammer 3-5t 25-35 20-30 15-20 10-15 
10t 40-60 30-50 20-25 10-20 
Power 6-10 4-7 2-3 3-4 100 KW 
Compressor Power 
150- 10-15 8-10 3-5 4-6 
250 KW 
866 
In determining the antivibration distance, 
geological conditio~ of the site, tha Vibra-
tion-absorbed measures of sources, the moving 
speed of vehicles and class of road, the iso-
lation measures of equipments and precision 
instruments, and the other things must be 
taken into account together. When geological 
condition is complex or big vibration equip-
menta and high precision devices exist, the 
attenuation of amplitude can be calculated with 
following formula: 
When r 6 rp_ , 
Ay=Ao (__::_ y~e-fk(r-r.) 
r 
When r > rR , 
A.,.=ARj :!l. e-fk(r-rR) 
In which 
r.=(! f-
rifr.+2h- r.+ 3h 
F--Foundation bottom area, m2 
(1) 
(2) 
h--Embedded depth of foundation, m 
Ay--Amplitude at the place having distance 
of r to the source,~ 
AR--Amplitude at the place having distance 
of R to the source, ~ 
Ao--Amplitude of foundation's edge,~ 
!--Frequency of source, Hz 
k--Soil constant. 
The above Eq. (1) and (2) are based on the 
wave theory and the site test data. The values 
of soil constant k are shown in Table II. 
Table II. Values of k 
Soil conditions 
Loessal clay loam (belongs to set-
tlemental-by-soaking, grade-I) 
Loessal clay loam (belongs to set-
tlemental-by-soaking, grade-III) 








In selecting site for a factory and arranging 
plan of a shop, the effects of vibration on 
the precision instruments must be considered. 
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As an antivibration measure the precision de-
vice and source of vibration shall either be 
kept away by certain distance from each other 
or be isolated by active or positive isolation, 
or by antivibration trench. In the latter case, 
the distance of isolation given in Table I 
may be reduced reasonably. 
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